Microscopic and metabolomic investigation of Hematodinium sp.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Host	 Order	 Infraorder	 Family	 Reference(s)	
Carcinus	maenas	 Decapoda	 Brachyura	 Portunid	 Chatton	and	Poisson	1931,	Messick	and	Shields	2000,	Hamilton	et	al	2007,	2009,	2010b	
Liocarcinus	depurator	 Decapoda	 Brachyura	 Portunid	 Chatton	and	Poisson	1931,	Hamilton	et	al	2005,	Stentiford	et	al	2005,	Hamilton	et	al	2009,	
Eigemann	et	al	2010	
Portumnus	latipes	 Decapoda	 Brachyura	 Portunid	 Chatton	and	Poisson	1931,	Gallien	1938,	Chatton	1952	
Callinectes	sapidus	 Decapoda	 Brachyura	 Portunid	 Newman	and	Johnson	1975,	Couch	1983,	Messick	1994,	Messick	et	al	1999,	Messick	and	Shields	
2000,	Sheppard	et	al	2003,	,	Lee	and	Frischer	2004,	Frischer	et	al	2006,	Troedsson	et	al	2008b,	
Nagle	et	al	2009,	Walker	et	al	2009	
Ovalipes	ocellatus	 Decapoda	 Brachyura	 Portunid	 MacLean	and	Ruddell	1978	
Ovalipes	australiensis	 Decapoda	 Brachyura	 Portunid	 Gornik	et	al	2013	
Necora	puber	 Decapoda	 Brachyura	 Portunid	 Wilhelm	and	Boulo	1988,	Wilhelm	and	Mialhe	1996,	Stentiford	et	al	2002,	Stentiford	et	al	2003,	
Hamilton	et	al	2009,	2010b	
Scylla	serrata	 Decapoda	 Brachyura	 Portunid	 Shields	1992,	Hudson	and	Lester	1994,	Xu	et	al	2007,	Li	et	al	2008	
Portunus	pelagicus	 Decapoda	 Brachyura	 Portunid	 Hudson	and	Shields	1994,	Shields	1999	
Callinectes	similis	 Decapoda	 Brachyura	 Portunid	 Messick	and	Shields	2000,	Sheppard	et	al	2003	
Portunus	trituberculatus	 Decapoda	 Brachyura	 Portunid	 Xu	et	al	2007,	Li	et	al	2013,	2015	
Chionoecetes	bairdi	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Meyers	et	al	1987,	Meyers	et	al	1990,	Eaton	et	al	1991,	Love	et	al	1993,	Meyers	et	al	1996,	Urban	
and	Byersdorfer	2002,	Bednarski	et	al	2010	
Chionoecetes	opilio	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Taylor	and	Khan	1995,	Meyers	et	al	1996,	Williams-Ryan	1997,	Dawe	2002,	Pestal	et	al	2003,	
Shields	and	Pickavance	2003,	Shields	et	al	2005,	Shields	et	al	2007,	Wheeler	et	al	2007,	Eigemann	et	
al	2010,	Dawe	et	al	2010,	Mullowney	et	al	2011	
Chionoecetes	tanneri	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Bower	et	al	2003	
Hyas	araneus	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Hamilton	et	al	2005,	Eigemann	et	al	2010	
Chionoecetes	angulatus	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Jensen	et	al	2010	
Hyas	coarctatus	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Jensen	et	al	2010	
Leptomithrax	gaimardii	 Decapoda	 Brachyura	 Oregonid	(Majid)	 Gornik	et	al	2013	
Libinia	emarginata	 Decapoda	 Brachyura	 Epialtid	(Majid)	 Sheppard	et	al	2003,	Pagenkopp	et	al	2012	
Libinia	dubia	 Decapoda	 Brachyura	 Epialtid	(Majid)	 Pagenkopp	et	al	2012	
Menippe	mercenaria	 Decapoda	 Brachyura	 Menippid	(Majid)	 Sheppard	et	al	2003	
Nephrops	norvegicus	 Decapoda	 Brachyura	 Nephropid	 Field	et	al	1992,	Taylor	et	al	1996,	Field	et	al	1998,	Tärnlund	2000,	Stentiford	et	al	2001a,b,c,d,	
Briggs	and	McAliskey	2002,	Small	et	al	2006a,	Hamilton	et	al	2007,	Eigemann	et	al	2010	
Cancer	irroratus	 Decapoda	 Brachyura	 Cancrid	 MacLean	and	Ruddell	1978	
Cancer	borealis	 Decapoda	 Brachyura	 Cancrid	 MacLean	and	Ruddell	1978	
Cancer	pagurus	 Decapoda	 Brachyura	 Cancrid	 Latrouite	et	al	1988,	Stentiford	et	al	2002,	2003,	Chualáin	et	al	2009,	Hamilton	et	al	2009,2010b,	
Chualáin	and	Robinson	2011,	Smith	et	al	2013	
Metacarcinus	magister	 Decapoda	 Brachyura	 Cancrid	 Meyers	and	Burton	2009	
Hexapanopeus	angustifrons	 Decapoda	 Brachyura	 Panopeid	 Messick	and	Shields	2000		
Dyspanopeus	sayi	 Decapoda	 Brachyura	 Panopeid	 Messick	and	Shields	2000,	Sheppard	et	al	2003	
10	
	
Panopeus	herbstii	 Decapoda	 Brachyura	 Panopeid	 Messick	and	Shields	2000,	Pagenkopp	et	al	2012		
Eurypanopeus	depressus	 Decapoda	 Brachyura	 Panopeid	 Pagenkopp	et	al	2012	
Trapezia	areolata	 Decapoda	 Brachyura	 Trapezid	 Hudson	et	al	1993	
Trapezia	coerulea		 Decapoda	 Brachyura	 Trapezid	 Hudson	et	al	1993	
Plagusia	chabrus	 Decapoda	 Brachyura	 Plagusiid	
(Grapsid)	
Gornik	et	al	2013	
Paralithodes	platypus	 Decapoda	 Anomura	 Lithodid	 Ryazanova	et	al	2008	
Paralithodes	camtschaticus	 Decapoda	 Anomura	 Lithodid	 Ryazanova	et	al	2008	
Lithodes	couesi	 Decapoda	 Anomura	 Lithodid	 Jensen	et	al	2010	
Munida	rugosa	 Decapoda	 Anomura	 Munidid	 Hamiton	et	al	2009,	2010b	
Pagurus	prideaux	 Decapoda	 Anomura	 Pagurid	 Hamilton	et	al	2009,	Eigemann	et	al	2010	
Pagurus	bernhardus	 Decapoda	 Anomura	 Pagurid		 Hamilton	et	al	2009,	2010b,	Eigemann	et	al	2010	
Pagurus	pollicarus	 Decapoda	 Anomura	 Pagurid		 Pagenkopp	et	al	2012	
Exopalaemon	carinicauda	 Decapoda	 Caridea	 Palaemonid		 Xu	et	al	2010	
Crangon	crangon	 Decapoda	 Caridea	 Crangonid	 Stentiford	et	al	2012	
Orchomene	nanus	 Amphipoda	 Gammaridea	 Amphipod	 Small	et	al	2006	
Caprella	geometrica	 Amphipoda	 Gammaridea	 Amphipod	 Pagenkopp	et	al	2012	


































































































































Range	 0	 Range	 0	 +/-	
Carcinus	maenas	 8.0-9.0	 	 	 	 +	 Vermiform	 	 Chatton	and	Poisson	1931	
Liocarcinus	depurator	 8.0-9.0	 	 	 	 +	 Vermiform	 	 Chatton	and	Poisson	1931	
Callinectes	sapidus	
6.4-10.4	 8.1	 4.6-8.1	 6.2	 +	 Vermiform*	 	 Newman	and	Johnson	1975	
10.5	 	 	 	 	 Vermiform*	 	 Messick	1994	
9-15	
20-100	(length)	














Ovalipes	ocellatus	 9.0-14.0	 	 	 	 	 Round	 	 MacLean	and	Ruddell	1978	
Necora	puber	 12.0-25.0	 	 	 	 -	 	 	 Wilhelm	and	Mialhe	1996	
Scylla	serrata	 9.9-11.9	 10.7	 5.9-9.9	 8.1	 -	 Round	 	 Li	et	al	2008	
Portunus	pelagicus	
7.9-8.9	(early)	 8.3	 7.5-7.9	 7.7	 +	 Round	 	 Hudson	and	Shields	1994	
9.9-11.9	(late)	 10.9	 7.9-9.9	 8.7	 +	 Round	 	 Hudson	and	Shields	1994	
Chionoecetes	bairdi	




6.0-11.0	(early)	 	 	 	 	 Round	 Two	types	 Eaton	et	al	1991	
12.0-20.0	(late)	 	 	 	 	 Round	 	 Eaton	et	al	1991	
Chionoecetes	opilio	 8.0-10.0	 	 	 	 +	 	 10.8	x	3.6	 Williams-Ryan	1997	
Nephrops	norvegicus	 6.0-10.0	 	 	 	 +	 Vermiform	and	Round	 	 Field	et	al	1992	
Cancer	irroratus	 9.0-14.0	 	 	 	 	 	 	 MacLean	and	Ruddell	1978	
Cancer	borealis	 9.0-14.0	 	 	 	 	 	 	 MacLean	and	Ruddell	1978	
Cancer	pagurus	 10.0-15.0	 	 	 	 +	 	 	 Latroite	et	al	1988	
Trapezia	areolata	 6.9-12.8	 11.0	 8.0-9.6	 8.5	 +	 Round	 	 Hudson	et	al	1993	
Paralithodes	spp.	 	 10.7	 	 	 +	 Vermiform	and	Round	 4.5+-0.4	 Ryazanova	et	al	2010	







Host	 Hemolymph	 Hemal	spaces	 Hepatopancreas	 Muscle	 Heart	 Gill	 Gonad	 Midgut	 Eyestalk	 Antennal	Gland	
Callinectes	sapidus	 T,	P,	VM,	S	 T,	V	 T,	P,	VA	 	 T,	P	V	 T	 —	 	 	 	
Ovalipes	ocellatus	 T,	P	 T,	P	 	 	 	 	 	 	 	 	
Necora		puber	 T,	P	 T,	P	 T,	P	 	 T,	P	 T,	P	 T,	P	 	 	 	
Scylla	serrata	 T,	P,	S,	D	 T,	P	 T,	P	 	 T,	P	 T,	P	 	 	 	 	
Portunus	pelagicus	 T,	P	 T,	P	 T,	P	 T,	P	 	 T,	P	 T,	P	 	 	 	
Chionoecetes	bairdi	 T,	P	 T,	P	 T,P	 T,P	 	 	 	 T,P	 T,	P	 T,	P	
Chionoecetes	opilio	 T,	P	 T,	PS	 T,	PS	 	 T	 T,	S	 	 	 	 	
Libinia	emarginata	 T,	P	 T,	P	 T,	P	 T	 T,	P	 T,	P	 	 	 	 	
Menippe	mercenaria	 T>>P	 T,	P	 T,	P	 T	 T,	P	 T	 —	 	 	 	
Nephrops	norvegicus	 T	 T,	P	 T,	P,	VA	 T,	PS	 T,	PS,	VA	 T,	P	 	 T,	P,	VA	 	 T,	VA	
Cancer	irroratus	 T,	P	 T,	P	 	 	 	 	 	 	 	 	
Cancer	borealis	 T,	P	 T,	P	 	 	 	 	 	 	 	 	
Cancer	pagurus	 T,	P	 T,	P	 T,	P,	PA	 T,	P,	PA	 T,	P	 T,	P	 T,	P	 T,	P	 	 	
Paralithodes	spp.	 T,	P,	S	 T,	P,	VA	 T,	P,	VA	 	 T,	P	 T,	P	 T,	P	 T,	P,	VA	 T,	P	 T,	P	
Exopalaemon	carinicauda	 T,	P	 	 	 	 	 	 	 	 	 	



























































Callinectes	sapidus	 Pink	or	orange	 Milky	or	Opaque	 Pink	 Opaque	skeletal	muscles;		
Pink	gills	
Ovalipes	ocellatus	 Normal	 Milky	or	opalescent	 Normal	 ND	
Necora	puber	 Pale	pink	 Creamy	and	yellowish	 Creamy	to	yellowish	
deposits		
Deliquescent	(friable)	tissues	
Scylla	serrata	 “Cooked”	 Milky	 Milky	 ND	














Cancer	irroratus	 Pink	 Milky	or	opalescent	 Pink	opalescent	 ND	
Cancer	borealis	 Normal	 Milky	or	opalescent	 Normal	 ND	
Cancer	pagurus	 Pink	 Cream	 Creamy	to	yellow	 Friable	skeletal	muscle	
Paralithodes	spp.	 Normal	 Creamy	yellow	 Creamy	yellow	 Creamy	yellow	heart;	
Creamy	yellow	gills	























































































Nephrops	norvegicus	 A,	D,	N	 N	 A	 I	 A	 M	 	 D	
Chionoecetes	bairdi	 A,	N	 A	 	 	 A	 	 A	 I	
Callinectes	sapidus	 A,	D,	N,	I	 A,	N	 I	 I	 	 	 	 	
Chionoecetes	opilio	 A	 	 D	 D,	N	 	 	 	 	
Libinia	emarginata	 A	 A	 	 	 	 	 	 	
Menippe	mercenaria	 A	 	 	 	 	 	 	 	
Paralithodes	spp.	 A,	N	 A	 	 	 	 M,	I	 	 I	
Portunus	pelagicus	 A,	D	 D	 	 	 	 	 	 	
Cancer	pagurus	 A,	D	 D,	I	 D,	I	 	 I	 	 	 	
Scylla	serrata	 A,	D	 	 N	 D	 	 	 	 	
Exopalaemon	
carinicauda	







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2010	–	1	(Sept.	10)	 WB	 70	 70	 0	 100%	
2010	–	2	(Sept.	14)	 WB	 20	 2	 0	 10%	
2010	–	3	(Sept.	17)	 NDB	 23	 4	 3	 17.4%	
2010	–	4	(Sept.	19)	 NDB	 84	 37	 6	 36.9%	
2010	–	5	(Sept.	21)	 NDB	 157	 87	 5	 55.4%	
2011	–	1	(Sept.	3)	 WB	 161	 99	 0	 68.8%	
2011	–	2	(Sept.	5)		 WB	 58	 10	 8	 17.2%	

























































53-110	 27-69	 46	-108	 40-68	
Carapace	width		
Mean	(mm)	
80.2	 54.4	 79.0	 46.6	

































































2010-19	 +	 Male	 90	 Milky	 None	
2010-20	 +	 Male	 96	 Milky	 None	
2010-38	 +	 Male	 83	 Milky	 None	
2010-39	 +	 Male	 80	 Milky	 None	
2010-40	 +	 Male	 54	 Milky	 None	
2010-59	 +	 Male	 75	 Milky	 None	
2010-60	 +	 Male	 80	 Milky	 None	
2010-106	 +	 Female	(gravid)	 56	 Milky	 None	
2010-117	 +	 Male	 65	 Milky	 None	
2010-119	 +	 Male	 78	 Milky	 None	
2010-120	 +	 Female	(gravid)	 60	 Milky	 None	






























































2011-61	 +	 Male	 80	 Milky	 None	
2011-62	 +	 Male	 99	 Milky	 None	
2011-63	 +	 Male	 65	 Milky	 None	
2011-64	 +	 Male	 87	 Milky	 None	
2011-65	 +	 Male	 101	 Milky	 1	
2011-66	 +	 Male	 107	 Milky	 None	
2011-67	 +	 Male	 67	 Milky	 None	
2011-98	 +	 Male	 67	 Milky	 None	
2011-99	 +	 Male	 74	 Milky	 None	
2011-100	 +	 Male	 79	 Milky	 None	
2011-155	 +	 Male	 72	 Milky	 None	











































































2010-19	 +	 +	 Male	 90	 None	 Advanced	
2010-20	 +	 +	 Male	 96	 None	 Very	advanced	
2010-30	 +	 -	 Male	 93	 None	 Moderate	
2010-38	 +	 +	 Male	 83	 None	 Very	Advanced	
2010-39	 +	 +	 Male	 80	 None	 Advanced	
2010-40	 +	 +	 Male	 54	 None	 Very	Advanced	
2010-59	 +	 +	 Male	 75	 None	 Very	Advanced	
2010-60	 +	 +	 Male	 80	 None	 Advanced	
2010-106	 +	 +	 Female	 56	 None	 Moderate	
2010-117	 +	 +	 Male	 65	 None	 Very	Advanced	
2010-119	 +	 +	 Male	 78	 None	 Very	Advanced	
2010-120	 +	 +	 Female	 60	 None	 Very	Advanced	
2010-131	 +	 +	 Female	 60	 1	 Very	Advanced	














































































































































2011-61	 +	 +	 Male	 80	 None	 Advanced	
2011-62	 +	 +	 Male	 99	 None	 Very	advanced	
2011-63	 +	 +	 Male	 65	 None	 Advanced	
2011-64	 +	 +	 Male	 87	 None	 Advanced	
2011-65	 +	 +	 Male	 101	 1	 Advanced	
2011-66	 +	 +	 Male	 107	 None	 Very	advanced	
2011-67	 +	 +	 Male	 67	 None	 Very	advanced	
2011-98	 +	 +	 Male	 67	 None	 Very	advanced	
2011-99	 +	 +	 Male	 74	 None	 Very	advanced	
2011-100	 +	 +	 Male	 79	 None	 Advanced	
2011-147	 +	 -	 Male	 67	 None	 Mild	
2011-155	 +	 +	 Male	 72	 None	 Moderate	
2011-156	 +	 +	 Male	 85	 None	 Moderate	












































































































































































































2010-19	 +	 +	 +	 Male	 90	 Advanced	
2010-20	 +	 +	 +	 Male	 96	 Very	advanced	
2010-30	 +	 -	 -	 Male	 93	 Moderate	
2010-38	 +	 +	 +	 Male	 83	 Very	Advanced	
2010-39	 +	 +	 +	 Male	 80	 Advanced	
2010-40	 +	 +	 +	 Male	 54	 Very	Advanced	
2010-59	 +	 +	 +	 Male	 75	 Very	Advanced	
2010-60	 +	 +	 +	 Male	 80	 Advanced	
2010-106	 +	 +	 +	 Female	 56	 Moderate	
2010-117	 +	 +	 +	 Male	 65	 Very	Advanced	
2010-119	 +	 +	 +	 Male	 78	 Very	Advanced	
2010-120	 +	 +	 +	 Female	 60	 Very	Advanced	
2010-131	 +	 +	 +	 Female	 60	 Very	Advanced	















2011-61	 +	 +	 +	 Male	 80	 Advanced	
2011-62	 +	 +	 +	 Male	 99	 Very	advanced	
2011-63	 +	 +	 +	 Male	 65	 Advanced	
2011-64	 +	 +	 +	 Male	 87	 Advanced	
2011-65	 +	 +	 +	 Male	 101	 Advanced	
2011-66	 +	 +	 +	 Male	 107	 Very	advanced	
2011-67	 +	 +	 +	 Male	 67	 Very	advanced	
2011-98	 +	 +	 +	 Male	 67	 Very	advanced	
2011-99	 +	 +	 +	 Male	 74	 Very	advanced	
2011-100	 +	 +	 -*	 Male	 79	 Advanced	
2011-147	 +	 -	 -	 Male	 67	 Mild	
2011-155	 +	 +	 +	 Male	 72	 Moderate	
2011-156	 +	 +	 +	 Male	 85	 Moderate	










































































































































































































































































































































































































































































































































































































































2010-19	 Male	 90	 Advanced	 Trophont/sporont	
2010-20	 Male	 96	 Very	advanced	 Trophont/sporont	
2010-30	 Male	 93	 Moderate	 Sporoblast	
2010-38	 Male	 83	 Very	Advanced	 Trophont/sporont	
2010-39	 Male	 80	 Advanced	 Trophont/sporont	
2010-40	 Male	 54	 Very	Advanced	 Trophont/sporont	
2010-59	 Male	 75	 Very	Advanced	 Trophont/sporont	
2010-60	 Male	 80	 Advanced	 Trophont/sporont	
2010-106	 Female	 56	 Moderate	 Trophont/sporont	
2010-117	 Male	 65	 Very	Advanced	 Trophont/sporont	
2010-119	 Male	 78	 Very	Advanced	 Trophont/sporont	
2010-120	 Female	 60	 Very	Advanced	 Trophont/sporont	
2010-131	 Female	 60	 Very	Advanced	 Trophont/sporont	
2010-133	 Female	 49	 Moderate	 Trophont/sporont	
2011-61	 Male	 80	 Advanced	 Trophont/sporont	(trophont)	
2011-62	 Male	 99	 Very	advanced	 Trophont/sporont	(trophont)	
2011-63	 Male	 65	 Advanced	 Trophont/sporont	(trophont)	
2011-64	 Male	 87	 Advanced	 Trophont/sporont	(trophont)	
2011-65	 Male	 101	 Advanced	 Trophont/sporont	(sporont)	
2011-66	 Male	 107	 Very	advanced	 Trophont/sporont	(trophont)	
2011-67	 Male	 67	 Very	advanced	 Trophont/sporont	(trophont)	
2011-98	 Male	 67	 Very	advanced	 Trophont/sporont	
2011-99	 Male	 74	 Very	advanced	 Trophont/sporont	
2011-100	 Male	 79	 Advanced	 Trophont/sporont	
2011-147	 Male	 67	 Mild	 Trophont/sporont	
2011-155	 Male	 72	 Moderate	 Trophont/sporont	
2011-156	 Male	 85	 Moderate	 Trophont/sporont	
2011-163	 Female	 48	 Advanced	 Trophont/sporont	
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































53-103	 27-69	 46	-108	 40-55	
Carapace	width		
Mean	(mm)	












16.4%	(10/61)	 4.9%	(4/81)	 9.2%	(13/142)	 3.1%	(1/32)	
Histologic	BCD+	
(new-shelled	crabs)	






















59	-108	 	 46	-107	 40-55	
Carapace	width		
Mean	(mm)	
87.1	 	 73.6	 45.9	
Shell	Condition	
	




3.6%	(2/56)	 	 12.8%	(11/86)	 3.1%	(1/32)	
Histologic	BCD+	
(new-shelled	crabs)	






































1.34 1.36 4.07 0.012
Min Max G P
Grubbs' Test
HRI
Outlier Plot of HRI - All NDB and WB Snow Crabs
1.3651.3601.3551.3501.3451.340
1.34 1.36 4.07 0.011
Min Max G P
Grubbs' Test
HRI























0 1.34 1.36 3.68 0.017
1 1.34 1.36 2.36 1.000













0 1.34 1.36 3.68 0.013
1 1.34 1.36 2.36 1.000




























610611 1.34 1.36 2.61 0.628
614615 1.34 1.36 3.67 0.001













610611 1.34 1.36 2.52 0.632
614615 1.34 1.36 3.61 0.001
















































































































1	 2010-133	 NDB	 Female,	gravid	 49	 Moderate	 0	
2	 2010-106	 NDB	 Female,	gravid	 56	 Moderate	 0	
3	 2011-163	 WB	 Female	 48	 Advanced	 0	
4	 2010-120	 NDB	 Female,	gravid	 60	 Very	Advanced	 0	
5	 2010-131	 NDB	 Female,	gravid	 60	 Very	Advanced	 0	
6	 2011-147	 WB	 Male	 67	 Mild	 0	
7	 2011-155	 NDB	 Male	 72	 Moderate	 1	
8	 2011-156	 NDB	 Male	 85	 Moderate	 0	
9	 2010-30	 WB	 Male	 93	 Moderate	 0	
10	 2011-63	 NDB	 Male	 65	 Advanced	 0	
11	 2011-100	 NDB	 Male	 79	 Advanced	 0	
12	 2010-39	 WB	 Male	 80	 Advanced	 0	
13	 2010-60	 WB	 Male	 80	 Advanced	 1	
14	 2011-61	 NDB	 Male	 80	 Advanced	 0	
15	 2011-64	 NDB	 Male	 87	 Advanced	 0	
16	 2010-19	 WB	 Male	 90	 Advanced	 0	
17	 2011-65	 NDB	 Male	 101	 Advanced	 0	
18	 2010-40	 WB	 Male	 54	 Very	Advanced	 0	
19	 2010-117	 WB	 Male	 65	 Very	Advanced	 0	
20	 2011-67	 NDB	 Male	 67	 Very	advanced	 0	
21	 2011-98	 NDB	 Male	 67	 Very	advanced	 0	
22	 2011-99	 NDB	 Male	 74	 Very	advanced	 0	
23	 2010-59	 WB	 Male	 75	 Very	Advanced	 0	
24	 2010-119	 WB	 Male	 78	 Very	Advanced	 0	
25	 2010-38	 WB	 Male	 83	 Very	Advanced	 0	
26	 2010-20	 WB	 Male	 96	 Very	advanced	 0	
27	 2011-62	 NDB	 Male	 99	 Very	advanced	 0	



































































































































































All	 BCD-		 262	 1	 0000	 123	 139	 0.000	
BCD+		 27	 0	 26	 2	
New-
shelled	
BCD-	 242	 1	 0.000	 108	 134	 0.000	




BCD-	Females	 84	 0	 *	 48	 36	 0.141^	
BCD+	Females	 4	 0	 4	 0	
BCD-	Males	 158	 1	 0.000	 60	 98	 0.000	


























































































































NDB		 BCD-	Females	 59	 0	 *	 29	 30	 0.115^	
BCD+	Females	 4	 0	 4	 0	
BCD-	Males	 50	 3	 0.0001	 11	 39	 0.000^	
BCD+	Males	 10	 0	 9	 1	
WB	 BCD-	Males	 108	 1	 0.0018	 49	 59	 0.001	
BCD+	Males	 13	 0	 12	 1	
WB	
613	
BCD-	Males	 44	 1.5	 *	 17	 27	 0.165^	
BCD+	Males	 2	 0	 2	 0	
WB	
614/615	
BCD-	Males	 64	 0.5	 0.0121	 32	 32	 0.018^	

































































































































































































































































































































































































































































































































All	Bays	 BCD-	 262	 -0.074	 0.231	 1.34737	 -4.66	 0.000	




BCD-	Females	 103	 0.050	 0.617	 1.34756	 -2.35	 0.101	
BCD+	Females	 4	 0.036	 0.964	 1.34375	
BCD	-	Males	 159	 -0.124	 0.119	 1.34825	 -3.81	 0.001	







































NDB	Females	 BCD-	 77	 0.171	 0.138	 1.34711	 -2.04	 0.134	
BCD+	 4	 0.036	 0.964	 1.34375	
NDB	Males	 BCD-		 51	 -0.080	 0.577	 1.34613	 -3.32	 0.004	
BCD+		 10	 -0.222	 0.538	 1.34285	
WB	Males	 BCD	-		 108	 -0.206	 0.032	 1.34780	 -2.26	 0.037	
BCD+		 13	 -0.208	 0.496	 1.34598	
WB	613	
Males	
BCD	-		 44	 -0.096	 0.536	 1.34607	 0.59	 0.661	
BCD+		 2	 1	 *	 1.3477^	
WB	614/615	
Males	
BCD	-		 64	 0.179	 0.156	 1.34898	 -3.99	 0.001	

































New-shelled	BCD-	 242	 -0.143	 0.027	 1.34759	 -5.00	 0.000	







84	 0.057	 0.607	 1.34821	 -2.74	 0.071	
New-shelled	
BCD+	Females	
4	 0.036	 0.964	 1.34375	
New-shelled	
BCD	-	Males	
158	 -0.130	 0.104	 1.34727	 -3.83	 0.001	
New-shelled	
BCD+	Males	












































BCD-	 59	 0.122	 0.359	 1.34793	 -2.52	 0.086	
BCD+	 4	 0.036	 0.964	 1.34375	
New-shelled	
NDB	Males	
BCD-		 50	 -0.088	 0.544	 1.34613	 -3.32	 0.004	
BCD+		 10	 -0.222	 0.538	 1.34285	
New-shelled	
WB	Males	
BCD	-		 108	 -0.206	 0.032	 1.34780	 -2.26	 0.037	
BCD+		 13	 -0.208	 0.496	 1.34598	
New-shelled		
WB	613	Males	
BCD	-		 44	 -0.096	 0.536	 1.34607	 0.59	 0.661	
BCD+		 2	 1	 *	 1.3477^	
New-shelled		
WB	614/615Males	
BCD	-		 64	 0.179	 0.156	 1.34898	 -3.99	 0.001	


























































RI	0,1	 150	 -0.217	 0.008	 1.34720	 -4.23	 0.000	
New-shelled	
BCD+	
RI	0,1	 27	 -0.053	 0.793	 1.34449	
New-shelled	
BCD-	
RI	0	 108	 -0.285	 0.003	 1.34663	 -2.80	 0.008	
New-shelled	
BCD+	
RI	0	 25	 -0.060	 0.776	 1.34473	
New-shelled	
BCD-	
RI	1	 41	 -0.188	 0.239	 1.34860	 -12.51	 0.000	
New-shelled	
BCD+	






RI	0	 48	 0.057	 0.607	 1.34706	 -2.02	 0.137	
New-shelled	
BCD+	Females	






RI	0,1	 86	 -0.348	 0.001	 1.34699	 -3.21	 0.003	
New-shelled	
BCD+	Males	
RI	0,1	 23	 -0.153	 0.486	 1.34462	
New-shelled	
BCD-	Males	
RI	0	 60	 -0.394	 0.002	 1.34628	 -1.71	 0.094	
New-shelled	
BCD+	Males	
RI	0	 21	 -0.199	 0.387	 1.34491	
New-shelled	
BCD-	Males	
RI	1	 26	 -0.226	 0.266	 1.34862	 -10.91	 0.000	
New-shelled	
BCD+	Males	

























































BCD-	 RI	0	 29	 0.057	 0.768	 1.34608	 -1.40	 0.255	
BCD+	 RI	0	 4	 0.036	 0.964	 1.34375	
New-shelled	
NDB	Males	
BCD-		 RI	0,1	 13	 -0.306	 0.309	 1.34480	 -1.41	 0.175	
BCD+		 RI	0,1		 10	 -0.222	 0.538	 1.34285	
BCD-		 RI	0	 11	 -0.266	 0.430	 1.34452	 -0.99	 0.338	
BCD+		 RI	0	 9	 -0.222	 0.565	 1.34299	
BCD-		 RI	1	 2	 -1	 *	 1.34635	 *	 *	
BCD+		 RI	1	 1	 *	 *	 1.3416	
New-shelled	
WB	Males	
BCD-		 RI	0,1	 73	 -0.424	 0.000	 1.34598	 -1.68	 0.108	
BCD+		 RI	0,1		 13	 -0.208	 0.496	 1.34598	
BCD-		 RI	0	 49	 -0.476	 0.001	 1.34668	 -0.39	 0.703	
BCD+		 RI	0	 12	 -0.365	 0.244	 1.34636	
BCD-		 RI	1	 24	 -0.361	 0.083	 1.348808	 *	 *	
BCD+		 RI	1	 1	 *	 *	 1.3414	
New-shelled		
WB	613	Males	
BCD-		 RI	0	 17	 -0.389	 0.122	 1.34358	 1.50	 0.374	
BCD+		 RI	0		 2	 1	 *	 1.34770^	
New-shelled		
WB614/615Males	
BCD-		 RI	0,1	 51	 0.132	 0.354	 1.34566	 -3.70	 0.002	
BCD+		 RI	0,1		 11	 -0.235	 0.487	 1.34879	
BCD-		 RI	0	 32	 	 	0.099	 0.591	 1.348333	 -2.67	 0.015	
BCD+		 RI	0	 10	 -0.440	 0.203	 1.34609	
BCD-		 RI	1	 19	 0.132	 0.354	 1.34956	 *	 *	
BCD+		 RI	1	 1	 *	 *	 1.3414	
New-shelled	Males	
NDB	&	WB	614615^	
BCD-	 RI	1	 21	 0.169	 0.463	 1.34925	 -12.05	 0.000	

































































































































































row	m/z	 Tentative	Identity*	 BCD–	Pooled		 BCD+	Pooled		 BCD+	Individual		
1	 522.3554	 LysoPC	(18:1(11Z))	(or	other	PCs)	 339843.3929	 15070.96	 535708.3	







5	 341.1785	 	 80136.57589	 102673.8	 24692.45	
6	 482.3604	 PC	(O-8:0/O-8:0)	or	PC(O-16:0/0:0)	 47991.10089	 14276.07	 67810.67	
7	 347.1954	 	 46424.82712	 51969.91	 13671.28	
8	 367.1943	 	 35975.72405	 85385.4	 21293.55	
9	 226.2166	 	 33373.7125	 18080.18	 66977.61	
10	 471.3653	 	 27340.58025	 14082.54	 70511.59	
11	 373.2110	 	 26708.86652	 52077.62	 13760.28	
12	 529.4073	 	 26426.34509	 13166.24	 64372.34	
13	 362.2365	 	 25499.82377	 54883.74	 16426.4	









1	 435.3441	 MG(22:1(13Z)/0:0/0:0)	 C25H48O4	(M+Na)	
2	 407.3129	 MG(20:1(11Z)/0:0/0:0)	 C23H44O4	(M+Na)	













8	 430.3800	 	 	
9	 856.5772	 LacCer(d18:0/14:0)	 C44H83NO13	(M+Na)	








13	 425.2659	 PA(17:0/0:0)	 C20H41NO7P	(M+H)	






















23	 729.5922	 SM(d18:1/18:1(9Z))	(or	other	SMs	and	PE-Cers)	 C41H81N2O6P	(M+H)	
24	 339.2890	 Glycidyl	oleate	(glycidyl	octadecenoate)	 C21H38O3	(M+H)	




27	 820.5870	 PC(17:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	(or	other	PCs	or	PEs)	 C47H82NO8P	(M+H)	
28	 834.5962	 PC(18:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	(or	other	PCs	or	PEs)	 C48H84NO8P	(M+H)		
195	
	
29	 828.5554	 PC(18:3(6Z,9Z,	12Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	 C87H78NO8P	(M+H)	
30	 828.5548	 PC(18:3(6Z,9Z,	12Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	 C87H78NO8P	(M+H)	
31	 832.5875	 PC(18:1(11Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	 C48H82NO8P	(M+H)	
32	 807.5764	 	 	
33	 856.5775	 LacCer(d18:0/14:0)	 C44H83NO13	(M+Na)	




36	 822.6064	 	 	
37	 804.5530	 PC(16:1(9Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))	 C46H78NO8P	(M+H)	
38	 755.5407	 	 	
39	 810.6012	 PC(16:0/22:4(7Z,10Z,13Z,16Z))	 C46H84NO8P	(M+H)	
40	 795.5762	 	 	
41	 729.5923	 SM(d18:1/18:1(9Z)	 C41H81N2O6P	(M+H)	




















1	 322	 339.2890	 7.793283	 339.289	 339.2889	 	
2	 193	 351.2504	 4.651692	 351.2504	 351.2503	 Monoacylglycerol	(MG)	
3	 187	 379.2815	 5.148408	 379.2815	 379.2816	 Monoacylglycerol	(MG)	
4	 201	 399.2504	 4.469567	 399.2505	 399.2503	 Monoacylglycerol	(MG)	
5	 186	 407.3129	 5.621408	 407.313	 407.3128	 Monoacylglycerol	(MG)	
6	 215	 425.2659	 4.676533	 425.266	 425.2658	 Monoacylglycerol	phosphate	(PA)	
7	 197	 430.3800	 5.28915	 430.38	 430.38	 	
8	 185	 435.3441	 6.213258	 435.3441	 435.344	 Monoacylglycerol	(MG)	
9	 283	 595.4722	 8.414175	 595.4721	 595.4722	 Fatty	alcohol	
10	 294	 597.4876	 7.255175	 597.4873	 597.488	 Fatty	alcohol	
11	 239	 609.4489	 8.323108	 609.449	 609.4488	 Diacylglycerol	(DG)	
12	 242	 613.4829	 8.414175	 613.4827	 613.483	 Diacylglycerol	(DG)	
13	 188	 635.4648	 8.414175	 635.4649	 635.4648	 Diacylglycerol	(DG)	or	
Diacylglycerolphosphate	(PA)	
14	 189	 637.4807	 7.259308	 637.4808	 637.4807	 Diacylglycerol	(DG)	
204	 637.4807	 7.768442	 637.4807	 637.4807	
15	 398	 649.5196	 8.40175	 649.5194	 649.5197	 Diradylglycerol	(glycerolipid)	
196	
	
16	 276	 683.4648	 7.321392	 683.4646	 683.465	 Diacylglycerolphosphate	(PA)	
17	 277	 709.4810	 7.6484	 709.481	 709.4811	 Diacylglycerolphosphate	(PA)	
18	 320	 729.5922	 8.778433	 729.5923	 729.592	 Ceramide	phosphocholine	(SM)	
450	 729.5923	 8.550775	 729.5923	 729.5923	
464	 729.5925	 8.600442	 729.5923	 729.5926	
19	 430	 755.5407	 8.542492	 755.5407	 755.5406	 	
20	 286	 781.5572	 7.039925	 781.5573	 781.557	 	
21	 196	 788.5613	 5.944275	 788.5609	 788.5616	 Glycerophosphocholine	(PC)	
22	 328	 792.5977	 5.600717	 792.5953	 792.6	 Neutral	glycosphingolipid	
23	 443	 795.5762	 4.631	 795.5761	 795.5764	 	
24	 423	 804.5530	 6.532058	 804.5511	 804.5548	 Glycerophosphocholine	(PC)	
25	 377	 807.5764	 3.976992	 807.5765	 807.5763	 	
26	 435	 810.6012	 5.355375	 810.6025	 810.5999	 Glycerophosphocholine	(PC)	
27	 261	 816.5509	 5.065625	 816.5469	 816.5548	 Glycerophosphocholine	(PC)	or	
Phosphoethanolamine	(PE)	206	 816.5530	 5.464775	 816.551	 816.5551	
28	 350	 820.5870	 6.47805	 820.5851	 820.5889	 Glycerophosphocholine	(PC)	or	
Phosphoethanolamine	(PE)	
29	 411	 822.6064	 5.301567	 822.6038	 822.609	 	
30	 367	 828.5548	 6.456292	 828.5543	 828.5553	 Glycerophosphocholine	(PC)	
361	 828.5554	 6.369542	 828.5537	 828.557	
31	 376	 832.5875	 6.7419	 832.5872	 832.5878	 Glycerophosphocholine	(PC)	
390	 832.5876	 6.770875	 832.5874	 832.5879	
32	 352	 834.5962	 5.642108	 834.5969	 834.5955	 Glycerophosphocholine	(PC)	or	
Phosphoethanolamine	(PE)	
33	 198	 856.5772	 5.456992	 856.5774	 856.577	 Neutral	glycosphingolipid	
388	 856.5775	 4.94145	 856.5782	 856.5767	
34	 282	 860.6198	 8.728767	 860.6207	 860.619	 Diacylgycerolphosphocholine	(PC)	





















































1	 322	 339.2890	 7.793283	 339.289	 339.2889	 3.989433	 339.1926	
5.363667	 339.2868	
3.906633	 339.2888	
2	 193	 351.2504	 4.651692	 351.2504	 351.2503	 	 	
3	 187	 379.2815	 5.148408	 379.2815	 379.2816	 	 	
4	 201	 399.2504	 4.469567	 399.2505	 399.2503	 	 	
5	 186	 407.3129	 5.621408	 407.313	 407.3128	 	 	
6	 215	 425.2659	 4.676533	 425.266	 425.2658	 	 	
7	 197	 430.3800	 5.28915	 430.38	 430.38	 7.68995	 429.3723	
7.4002	 429.3724	
8	 185	 435.3441	 6.213258	 435.3441	 435.344	 	 	
9	 283	 595.4722	 8.414175	 595.4721	 595.4722	 3.972867	 596.3556	
10	 294	 597.4876	 7.255175	 597.4873	 597.488	 	 	
11	 239	 609.4489	 8.323108	 609.449	 609.4488	 3.989433	 610.3712	
12	 242	 613.4829	 8.414175	 613.4827	 613.483	 	 	
13	 188	 635.4648	 8.414175	 635.4649	 635.4648	 4.072217	 636.354	
14	 189	 637.4807	 7.259308	 637.4808	 637.4807	 	 	
204	 637.4807	 7.768442	 637.4807	 637.4807	
15	 398	 649.5196	 8.40175	 649.5194	 649.5197	 	 	
16	 276	 683.4648	 7.321392	 683.4646	 683.465	 	 	
17	 277	 709.4810	 7.6484	 709.481	 709.4811	 	 	
18	 320	 729.5922	 8.778433	 729.5923	 729.592	 8.410183	 730.5392	
450	 729.5923	 8.550775	 729.5923	 729.5923	
464	 729.5925	 8.600442	 729.5923	 729.5926	
19	 430	 755.5407	 8.542492	 755.5407	 755.5406	 8.451583	 754.5320	
8.054217	 754.5397	
20	 286	 781.5572	 7.039925	 781.5573	 781.557	 	 	
21	 196	 788.5613	 5.944275	 788.5609	 788.5616	 	 	
22	 328	 792.5977	 5.600717	 792.5953	 792.6	 	 	
23	 443	 795.5762	 4.631	 795.5761	 795.5764	 6.928317	 796.5508	
6.886933	 796.5510	
6.804133	 796.5514	





25	 377	 807.5764	 3.976992	 807.5765	 807.5763	 8.029383	 808.5862	
26	 435	 810.6012	 5.355375	 810.6025	 810.5999	 	 	
27	 261	 816.5509	 5.065625	 816.5469	 816.5548	 	 	
206	 816.5530	 5.464775	 816.551	 816.5551	 	
28	 350	 820.5870	 6.47805	 820.5851	 820.5889	 	 	




30	 367	 828.5548	 6.456292	 828.5543	 828.5553	 8.724767	 829.5575	
361	 828.5554	 6.369542	 828.5537	 828.557	
31	 376	 832.5875	 6.7419	 832.5872	 832.5878	 	 	
390	 832.5876	 6.770875	 832.5874	 832.5879	 	
32	 352	 834.5962	 5.642108	 834.5969	 834.5955	 6.406767	 834.5276	
5.910067	 834.5294	
5.463017	 834.5306	
33	 198	 856.5772	 5.456992	 856.5774	 856.577	 	 	
388	 856.5775	 4.94145	 856.5782	 856.5767	 	







































































































































































































































































































































































































































































































































































































































































































































































































	 Bonavista	Bay	 Notre	Dame	Bay	 White	Bay	

















50	 1	 1	 17	 0	 1	
51	 18	 1	























	 Bonavista	Bay	 Notre	Dame	Bay	 White	Bay	




































































































































































































































































































































































Amphipods	 61.7%	(82/133)	 5.2%	(7/134)	 10.2%	(19/187)	 23.8%	(108/454)	
Turbellarian	
Worms	
4.5%	(6/133)	 1.5%	(2/134)	 5.3%	(10/187)	 4.0%	(18/454)	
Rhabditoid	
nematodes	
3.0%	(4/133)	 3.0%	(4/134)	 2.7%	(5/187)	 2.9%	(13/454)	
Peritrich	stalked	
ciliates	















Amphipods	 73.5%	(25/34)	 0	%	(0/43)	 0.000	
Turbellarian	Worms	 2.9%	(1/34)	 2.3%	(1/43)	 1.000	
Rhabditoid	nematodes	 5.9%	(2/34)	 0	%	(0/43)	 0.192	












Amphipods	 0%	(0/56)	 14.6	%	(19/130)	 0.003	
Turbellarian	Worms	 1.8%	(1/56)	 0	%	(9/130)	 0.286	
Rhabditoid	nematodes	 0%	(0/56)	 0	%	(5/130)	 0.325	










Amphipods	 73.5%	(25/34)	 88.2%	(45/51)	 100%	(5/5)	
Turbellarian	Worms	 2.9%	(1/34)	 3.9%	(2/51)	 40%	(2/5)	
Rhabditoid	nematodes	 5.9%	(2/34)	 2.0%	(1/51)	 20%	(1/5)	











Amphipods	 6.0	%	(7/116)	 61.1%	(11/18)	 0.000	
Turbellarian	Worms	 1.7	%	(2/116)	 5.6%	(1/18)	 0.354	
Rhabditoid	nematodes	 3.4	%	(4/116)	 11.1%	(2/18)	 0.184	















Amphipods	 14.6%	(19/130)	 0%	(0/1)	 0.679	
Turbellarian	Worms	 6.9%	(9/130)	 0%	(0/1)	 0.785	
Rhabditoid	nematodes	 3.8%	(5/130)	 0%	(0/1)	 0.842	





















































































	 BB		 NDB	 WB	 Total	
Turbellarian	worms	 10.5%	(14/133)	 0.7%	(1/142)	 1.5%	(3/192)	 3.8%	(18/467)	
Turbellarian	eggs	 3.0%	(4/133)	 9.9%	(14/142)	 6.8%	(13/192)	 6.6%	(31/467)	
Leech	eggs	 3.0%	(4/133)	 0%	(0/142)	 0%	(0/192)	 0.6%	(3/467)	
Rhabditoid	nematodes	
(cuticular	ulcers)	
3.8%	(5/133)	 1.4%	(2/142)	 0%	(0/192)	 1.5%	(7/467)	
Nematodes	along	
internal	abdomen	
6.0%	(8/133)	 14.1%	(20/142)	 2.6%	(5/192)	 7.1%	(33/467)	
Colonial	hydrozoan	 24.1%	(32/133)	 3.5%	(5/142)	 0.5%	(1/192)	 8.1%	(38/467)	






















Turbellarian	worms	 2.9%	(1/34)	 2.3%	(1/43)	 1.000	
Turbellarian	eggs	 5.9%	(2/34)	 4.6%	(2/43)	 1.000	







Colonial	hydrozoan	 32.3%	(11/34)	 4.6%	(2/43)	 0.001	












Turbellarian	worms	 0%	(0/56)	 2.2%	(3/135)	 0.557	
Turbellarian	eggs	 1.8%	(1/56)	 8.2%	(11/135)	 0.186	







Colonial	hydrozoan	 0%	(0/56)	 0.7%	(1/135)	 1.000	











Turbellarian	worms	 2.9%	(1/34)	 13.7%	(7/51)	 20%	(1/5)	







Leech	eggs	 0%	(0/34)	 0%	(0/51)	 0%	(0/5)	
Colonial	hydrozoan	 32.3%	(11/34)	 47.1%	(24/51)	 40%	(2/5)	











Turbellarian	worms	 0.8%	(1/123)	 0%	(0/18)	 0%	(0/1)	







Leech	eggs	 0%	(0/123)	 0%	(0/18)	 0%	(0/1)	
Colonial	hydrozoan	 2.4%	(3/123)	 11.1%	(2/18)	 0%	(0/1)	










Turbellarian	worms	 2.2%	(3/135)	 0%	(0/1)	 1.000	







Leech	eggs	 0%	(0/135)	 0%	(0/1)	 1.000	
Colonial	hydrozoan	 0.7%	(1/135)	 0%	(0/1)	 1.000	










   
























































































































































































10.5%	(14/133)	 1.4%	(2/142)	 2.1%	(4/192)	 4.3%	(20/467)	
Midgut-hindgut*	
junction	ulcers	








7.5%	(10/133)	 9.2%	(13/142)	 8.9%	(17/192)	 8.6%	(40/467)	
Heart	 1.5%	(2/133)	 4.2%	(6/142)	 2.6%	(5/192)	 2.8%	(13/467)	
Pericardium	 0.8%	(1/133)	 0%	(0/142)	 1.0%	(2/192)	 0.6%	(3/467)	
Hepatopancreas	 0.8%	(1/133)	 0.7%	(1/142)	 0.5%	(1/192)	 0.6%	(3/467)	
Gut	wall	 0.8%	(1/133)	 1.4%	(2/142)	 0%	(0/192)	 0.4%	(2/467)	
Gonad	 0%	(0/133)	 1.4%	(2/142)	 0.5%	(1/192)	 0.6%	(3/467)	
Gill	 3.8%	(5/133)	 1.5%	(2/134)	 4.8%	(9/187)	 3.5%	(16/454)	
































































Heart	 2.9%	(1/34)	 0%	(0/43)	 0.442	
Pericardium	 0%	(0/34)	 0%	(0/43)	 1.000	
Hepatopancreas	 2.9%	(1/34)	 0%	(0/43)	 0.442	
Gut	wall	 0%	(0/34)	 0%	(0/43)	 1.000	
Gonad	 0%	(0/34)	 0%	(0/43)	 1.000	
Gill	 2.9%	(1/34)	 0%	(0/43)	 0.442	















































































































Heart	 3.6%	(2/56)	 2.2%	(3/135)	 0.631	
Pericardium	 1.8%	(1/56)	 0.7%	(1/135)	 0.502	
Hepatopancreas	 0%	(0/56)	 0.7%	(1/135)	 1.000	
Gut	wall	 0%	(0/56)	 0.7%	(1/135)	 1.000	
Gonad	 0%	(0/56)	 0.7%	(1/135)	 1.000	
Gill	 7.1%	(4/56)	 3.7%	(5/135)	 0.453	
































































Heart	 2.9%	(1/34)	 2.0%	(1/51)	 0%	(0/5)	
Pericardium	 0%	(0/34)	 2.0%	(1/51)	 0%	(0/5)	
Hepatopancreas	 2.9%	(1/34)	 0%	(0/51)	 0%	(0/5)	
Gut	wall	 0%	(0/34)	 2.0%	(1/51)	 0%	(0/5)	
Gonad	 0%	(0/34)	 0%	(0/51)	 0%	(0/5)	
Gill	 2.9%	(1/34)	 5.9%	(3/51)	 20%	(1/5)	


























































Heart	 4.9%	(6/123)	 0%	(0/18)	 0%	(0/1)	
Pericardium	 0%	(0/123)	 0%	(0/18)	 0%	(0/1)	
Hepatopancreas	 0.8%	(1/123)	 0%	(0/18)	 0%	(0/1)	
Gut	wall	 1.6%	(2/123)	 0%	(0/18)	 0%	(0/1)	
Gonad	 0%	(0/123)	 11.1%	(2/18)	 0%	(0/1)	
Gill	 1.6%	(2/123)	 0%	(0/18)	 0%	(0/1)	



























































Heart	 2.2%	(3/135)	 0%	(0/1)	 1.000	
Pericardium	 0.7%	(1/135)	 0%	(0/1)	 1.000	
Hepatopancreas	 0.7%	(1/135)	 0%	(0/1)	 1.000	
Gut	wall	 0.7%	(1/135)	 0%	(0/1)	 1.000	
Gonad	 0.7%	(1/135)	 0%	(0/1)	 1.000	
Gill	 3.7%	(5/135)	 0%	(0/1)	 1.000	










































































































































































































































Amphipods	 6.0	%	(7/101)	 0%	(0/14)	 0.595	
Turbellarian	Worms	 1.7	%	(2/101)	 0%	(0/14)	 1.000	
Rhabditoid	nematodes	 3.4	%	(4/101)	 0%	(0/14)	 1.000	










Amphipods	 0%	(0/54)	 0%	(0/2)	 1.000	
Turbellarian	Worms	 1.8%	(1/54)	 0%	(0/2)	 1.000	
Rhabditoid	nematodes	 0%	(0/54)	 0%	(0/2)	 1.000	










Amphipods	 14.6	%	(18/123)	 8.3%	(1/12)	 1.000	
Turbellarian	Worms	 6.5	%	(8/123)	 8.3%	(1/12)	 0.579	
Rhabditoid	nematodes	 4.1	%	(5/123)	 0%	(0/12)	 0.461	










Amphipods	 9.0%	(25/278)	 3.6%	(1/28)	 0.489	
Turbellarian	Worms	 4.0%	(11/278)	 3.6%	(1/28)	 1.000	
Rhabditoid	nematodes	 3.2%	(9/278)	 0%	(0/28)	 1.000	

















Turbellarian	worms	 0.8%	(1/108)	 0%	(0/14)	 1.000	







Leech	eggs	 0%	(0/108)	 0%	(0/14)	 1.000	
Colonial	hydrozoan	 2.4%	(3/108)	 0%	(0/14)	 1.000	










Turbellarian	worms	 0%	(0/54)	 0%	(0/2)	 1.000	







Leech	eggs	 0%	(0/54)	 0%	(0/2)	 1.000	
Colonial	hydrozoan	 0%	(0/54)	 0%	(0/2)	 1.000	











Turbellarian	worms	 2.4%	(3/123)	 0%	(0/12)	 1.000	







Leech	eggs	 0%	(0/123)	 0%	(0/12)	 1.000	
Colonial	hydrozoan	 0.7%	(1/123)	 0%	(0/12)	 1.000	













Turbellarian	worms	 1.4%	(4/285)	 0%	(0/28)	 1.000	







Leech	eggs	 0%	(0/285)	 0%	(0/28)	 1.000	
Colonial	hydrozoan	 1.4%	(4/285)	 0%	(0/28)	 1.000	



































Heart	 4.6%	(5/109)	 7.1%	(1/14)	 0.523	
Pericardium	 0%	(0/109)	 0%	(0/14)	 1.000	
Hepatopancreas	 0.9%	(1/109)	 0%	(0/14)	 1.000	
Gut	wall	 0.9%	(1/109)	 7.1%	(1/14)	 0.216	
Gonad	 1.8%	(2/109)	 0%	(0/14)	 1.000	
Gill	 1.8%	(2/109)	 0%	(0/14)	 1.000	






















Heart	 0%	(0/54)	 0%	(0/2)	 1.000	
Pericardium	 1.9%	(1/54)	 0%	(0/2)	 1.000	
Hepatopancreas	 0%	(0/54)	 0%	(0/2)	 1.000	
Gut	wall	 0%	(0/54)	 0%	(0/2)	 1.000	
Gonad	 0%	(0/54)	 0%	(0/2)	 1.000	
Gill	 7.4%	(4/54)	 0%	(0/2)	 1.000	


























Heart	 2.4%	(3/123)	 0%	(0/12)	 1.000	
Pericardium	 0.8%	(1/123)	 0%	(0/12)	 1.000	
Hepatopancreas	 0.8%	(1/123)	 0%	(0/12)	 1.000	
Gut	wall	 0.8%	(1/123)	 0%	(0/12)	 1.000	
Gonad	 0.8%	(1/123)	 0%	(0/12)	 1.000	
Gill	 3.3%	(4/123)	 8.3%	(1/12)	 0.377	























Heart	 2.8%	(8/286)	 3.6%	(1/28)	 0.573	
Pericardium	 0.7%	(2/286)	 0%	(0/28)	 1.000	
Hepatopancreas	 0.7%	(2/286)	 0%	(0/28)	 1.000	
Gut	wall	 0.7%	(2/286)	 3.6%	(1/28)	 0.245	
Gonad	 1.0%	(3/286)	 0%	(0/28)	 1.000	
Gill	 3.5%	(10/286)	 3.6%	(1/28)	 1.000	





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Solution	 	 	 	 	 Components	 	 	 	 Final	Volume	
1M	Tris-HCl,	pH	8.0:	 	 	 Tris	base	60.57	g	 	 	 500	ml	
	 	 	 	 	 	 HCl	
1M	Tris-HCl,	pH	7.4:	 	 	 Tris	base	60.57	g	 	 	 500	ml	
	 	 	 	 	 	 HCl		
0.1M	Tris-HCl,	pH6.4:	 	 	 Tris	base	6.06	 g	 	 	 500	ml	
(adjust	pH	with	HCL	to	6.4-6.5)	
1M	NaCl:	 	 	 	 	 NaCl	29.22	g	 	 	 	 500	ml	
0.5M	EDTA	pH	8.0:	 	 	 EDTA	93.05	g	 	 	 	 500	ml	
	 	 	 	 	 	 NaOH	~10.0	g	
(NOTE:	Vigorously	mix	on	a	stirrer	with	heat.	The	disodium	salt	will	not	go	into	solution	until	
the	pH	is	approx.	8.0	by	the	addition	of	NaOH).	











Buffer	 	 	 Vol.	of	stock	 	 Initial	stock	conc.	 	 Final	Volume	
Insect	Lysis	Buffer:	
700	mM	GuSCN	 	 16.5	g	 	 	 	 	 	 	 200	ml		 	
30	mM	EDTA	 	 12	ml	 	 	 0.5M	EDTA,	pH	8.0	
30	mM	Tris-HCl	 	 6	ml	 	 	 1M	Tris-HCl,	pH	8.0	 	
0.5%	Triton	X-100		 1	ml	 	 	 	 	 	




6	M	GuSCN	 	 354.6	g	 	 	 	 	 	 500	ml	
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20	mM	EDTA	 	 20	ml	 	 	 0.5M	EDTA,	pH	8.0	 	





60%	EtOH	 	 	 300	ml		 	 100%	EtOH	 	 	 500	ml	
50	mM	NaCl	 	 25	ml	 	 	 1	M	NaCl	
10	mM	Tris-HCl		 		 5	ml	 	 	 1	M	Tris-HCl,	pH	7.4	




















	 	 		 positive	DNA	(validate	the	PCR	reaction)	




Per	25	µl	reaction.	 	 	 	 106	reactions	for	96	well	plate	
12.5	µl	Master	mix	 	 	 	 1325	µl	Master	Mix	
5.51	µl	Sterile	water	 	 	 		 584.1	µl	Sterile	water	
0.54	µl	Primer	ITSR1	(10	µM)	 	 	 57.24	µl	Primer	ITSR1	(10	µM)	
0.45	µl	Primer	Hemat-F-1487(10	µM)	 	 47.7	µl	Primer	Hemat-F-1487	(10	µM)	
6.0	µl	DNA		 		 	 	 	 +6	µl	DNA	per	well	 	 	
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95%	Ethanol		 	 	 3330	ml	
36	-	40%	Formaldehyde		 2220	ml	








Filtered	sea	water		 	 3340	ml	 3	parts	
95%	Ethanol		 	 	 3330	ml	 3	parts	
36	-	40%	Formaldehyde		 2220	ml	 2	parts	
Glycerin		 	 	 1110	ml	 1	parts	
Total:		 	 	 	 	 	 9	parts		 	 	 	
	
Working	Solution	
Stock	solution	720ml	 	 	 	 9	parts	
Glacial	acetic	acid	80ml	 	 	 1	part	





























































































































































































































































































































































































	 Green	Crab	 Snow	Crab	–	NDB	 Snow	Crab	-	WB	 Snow	Crab	-	BB	





























































































































































































































































































































95% CI for the Mean
Individual	standard	deviations	are	used	to	calculate	the	intervals.
















































































































































































































































































53-103	 27-69	 46	-110	 40-55	
Carapace	width		
Mean	(mm)	



























59	-108	 	 46	-107	 40-55	
Carapace	width		
Mean	(mm)	
87.1	 	 80.6	 45.9	
Shell	Condition	
	



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































All	Snow	Crabs	 262	 -0.074	 0.231	 1.34737	 N/A	 N/A	
All	Females	 103	 0.505	 0.617	 1.34756	 0.63	 0.531	
All	Males	 159	 -0.124	 0.199	 1.34725	
NDB	 NDB	Females	 77	 0.171	 0.138	 1.34711	 1.49	 0.142	
NDB	Males	 51	 -0.080	 0.577	 1.34594	
WB	 WB	614/615	Females	 26	 0.349	 0.080	 1.34890	 -0.11	 0.914	
WB	614/615	Males	 64	 0.179	 0.156	 1.34898	













































































HRI of Females by Gut Wall RI Score


















































Mean HRI for Males by Gut Wall RI Score

























0	 62	 -0.183	 0.155	 1.34635	 0.001	 	 RI	0	&	RI	1:	0.041	
RI	0	&	RI	2:	0.008	
RI	0	&	RI	3:	0.045	
1	 16	 -0.277	 0.299	 1.34878	 0.709	
2	 19	 0.204	 0.401	 1.34959	
3	 6	 0.808	 0.052	 1.35037	
All	
Males	




1	 27	 -0.266	 0.179	 1.34851	 0.290	
2	 28	 -0.299	 0.122	 1.34673	
3	 28	 0.130	 0.510	 1.34806	








































Gut Wall RI Score
HR
I
Mean HRI by Gut Wall RI Score - NDB Females















































0	 43	 0.035	 0.826	 1.34538	 0.000	 	 RI	0	&	RI	1:	0.063	
RI	0	&	RI	2:	0.003	
RI	0	&	RI	3:	0.017	
1	 11	 -0.401	 0.222	 1.34835	 0.657	
2	 17	 0.302	 0.238	 1.34952	




0	 19	 0.249	 0.305	 1.34853	 0.608	 N/A	
1	 5	 0.769	 0.128	 1.34972	








Gut Wall RI Score
HR
I
Mean HRI by Gut Wall RI Score - WB 614/615 Females


























Gut Wall RI Score
HR
I
Mean HRI by Gut Wall RI Score - NDB Males








































Gut Wall RI Score
HR
I
Mean HRI by Gut Wall RI Score - WB 613 Males


























Gut Wall RI Score
HR
I
Mean HRI by Gut Wall Score - WB 614/615 Males


























0	 12	 -0.259	 0.416	 1.344525	 0.505	 N/A	
1	 2	 -1	 *	 1.34635	
2	 10	 -0.628	 0.052	 1.34480	
3	 15	 0.036	 0.899	 1.34751	








1	 5	 -0.458	 0.438	 1.34596	 0.091	
2	 4	 0.098	 0.902	 1.34508	
3	 10	 0.383	 0.274	 1.34768	




0	 32	 0.099	 0.591	 1.34833	 0.061	 N/A	
1	 19	 0.020	 0.937	 1.34956	
2	 13	 0.071	 0.818	 1.34906	
3	 2	 1	 *	 1.35365	
	
	
A.7.4. Discussion	
The	level	of	body	glycogen	stores	has	been	suggested	as	index	of	condition	in	crustaceans.	The	
concentration	of	glycogen	in	abdominal	muscle	has	been	reported	to	be	the	best	nutritional	
index	for	the	Hawaiian	spiny	lobster	Panulirus	marginatus	(Parrish	and	Martinelli-Liedtke	1999).	
Stentiford	and	Feist	(2005)	utilized	relative	abundance	of	RI	cells	in	histologic	sections	of	
connective	tissues	of	the	hepatopancreas	as	a	body	condition	assessment	tool	in	European	
green	crab	Carcinus	maenas	and	was	used	to	compare	populations	of	the	crab	in	several	UK	
estuarine	sites.	Reserve	inclusion	(RI)	cells	are	cells	within	the	spongy	connective	tissue	
containing	eosinophilic	reserve	materials	which	thought	to	function	in	the	synthesis	and	
storage	of	hemocyanin,	glycogen,	and	protein	(Johnson	1980).		
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In	this	study	gut	wall	reserve	inclusion	score	was	negatively	correlated	with	shell	condition	
category:	new-shelled	snow	crabs	had	higher	levels	of	glycogen	storage	than	intermediate	or	
old-shelled	snow	crabs.	This	finding	was	somewhat	unexpected	as	snow	crabs	are	reported	to	
stop	feeding	3-6	weeks	before	molt	and	not	feed	for	3-4	weeks	after	molt	suggesting,	an	
extended	period	of	anorexia	would	suggest	that	glycogen	stores	would	be	depleted	during	
molting	(O’Halloran	and	O’Dor	1988).	But,	higher	glycogen	stores	in	new-shelled	animals	may	
suggest	that	snow	crabs	with	low	glycogen	reserves	are	less	likely	to	molt	than	those	with	
higher	glycogen	stores.	Intermolt	crabs	are	reported	to	have	lower	glycogen	stores	than	
molting	crabs	(Heath	and	Barnes	1970).		Furthermore,	in	this	study	intermediate	and	old-
shelled	snow	crabs	collected	in	this	study	were	almost	all	gravid	females	and	female	snow	crabs	
had	lower	glycogen	RI	stores	than	males	in	general.	One	possible	reason	for	this	gender	
difference	in	glycogen	reserves	may	be	glycogen	reserve	depletion	due	to	reproductive	
energetic	expenditures.	The	investment	per	brood	in	dry	weight	terms	in	free-living	brachyuran	
crabs	ranges	from	3-21%	with	a	mean	of	about	11	%	(Hartnoll	2006).	Other	gender	and/or	
sized-based	impacts	on	diet	or	competition	for	food	could	also	be	contribute	to	this	gender-
effect	on	glycogen	stores,	but	no	differences	in	diet	components	were	detected	between	snow	
crabs	of	different	gender,	size,	or	shell	condition	inn	one	study	on	snow	crabs	from	Bonne	Bay,	
Newfoundland	(Wieczorek	and	Hooper	1995).	Rather	than	size	or	gender,	prey	availability	and	
food	preferences	were	the	important	factors	influencing	in	the	diet	of	Newfoundland	snow	
crabs	with	the	foraging	strategy	of	snow	crabs	being	a	combination	of	opportunistic	feeding	
behavior	in	the	case	of	some	highly	available	food	(fish	bait	and	polychaetes)	and	selective	
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feeding	in	the	case	of	less	abundant	food	items	(sponges,	Yoldia	spp.	clams,	brittle	stars	and	
basket	stars,	and	small	gastropods;	Wieczorek	and	Hooper	1995).		
	
New-shelled	male	snow	crabs	from	NDB	had	a	higher	median	gut	wall	reserve	inclusion	score	
than	similar	snow	crabs	from	WB	613	and	both	of	those	regions	had	higher	scores	than	WB	
614/615.	This	suggests	that	snow	crabs	collected	from	NDB	in	2010	were	in	better	body	
condition	than	those	collected	from	WB.	This	difference	may	be	a	year-effect	and/or	a	region-
effect,	suggesting	that	the	ocean	shelf-type	environment	of	Notre	Dame	Bay	may	a	nutritionally	
superior	environment	than	the	fjord-type	environment	of	White	Bay.	New-shelled	male	snow	
crabs	from	WB	613	(very	deep	stratum)	had	higher	reserve	inclusion	scores	than	new-shelled	
male	snow	crabs	from	the	combined	strata	of	614	(deep)	and	615	(shallow).	These	snow	crabs	
were	collected	in	the	same	year	(2011)	within	less	than	a	week	of	one	another	and	thus	this	
difference	appears	to	be	regional.	This	suggests	that	snow	crabs	in	the	very	deep	stratum	were	
in	better	body	condition	than	in	the	more	shallow	regions	of	White	Bay	in	2011,	suggesting	that	
the	very	deep	waters	of	stratum	613	may	be	a	nutritionally	superior	environment	to	the	
shallower	waters	of	strata	614/615	within	White	Bay.		
	
Blood	refractive	index	is	often	assumed	to	be	directly	proportional	to	hemolymph	protein	levels	
in	crustaceans,	and	thus	is	also	often	used	as	an	indicator	of	nutritional	condition	(Stewart	and	
Li	1969,	Smith	and	Dall	1982,	Moore	2000,	Behringer	et	al	2008).	Hemocyanin,	a	respiratory	
pigment,	is	the	main	hemolymph	protein	in	crustacean	representing	60–93%,	64–84%,	81–88%	
and	60–77%	of	total	protein	in	the	hemolymph	of	the	bay	shrimp	Crangon	vulgaris,	Japanese	
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tiger	prawn	Marsupenaeus	(Penaeus)	japonicus,	tropical	mud	crab	Scylla	serrata,	and	giant	river	
prawn	Macrobrachium	rosenbergii,	respectively	(Djangmah,	1970;	Chen	and	Cheng,	1993;	Chen	
and	Chia,	1997;	Cheng	et	al,	2001).	Djangmah	(1970)	suggested	that	decreases	of	hemolymph	
hemocyanin	levels	during	starvation	may	indicate	that	hemocyanin	is	used	as	a	food	reserve.	
For	example,	hemolymph	refractive	index	(HRI)	was	significantly	reduced	in	starved	penaeid	
shrimp	as	compared	to	fed	penaeid	shrimp,	with	significant	difference	between	fed	and	starved	
prawn	after	12	hours	(Moore	et	al	2000).	The	decrease	in	HRI	may	reflect	decrease	protein	
stores	within	hemolymph	but	a	dilution	effect	may	also	contribute	due	to	increased	blood	
volume	due	to	muscle	catabolism	(Dall	1974,	Smith	and	Dall	1982,	Moore	2000).	Aside	from	
being	an	index	of	condition	protein	concentration	in	the	hemolymph	of	crustaceans	also	varies	
with	the	molt	cycle,	generally	being	lowest	during	post-molt	and	highest	pre-molt,	a	factor	
which	needs	to	be	taken	into	account	when	interpreting	why	a	given	crustacean	has	low	or	high	
protein	level	(Dall	1974,	Paterson	et	al	2001).		
	
Shell	condition	category	negatively	associated	with	hemolymph	refractive	index	in	this	data	set	
similar	to	the	trend	seen	with	RI	score	mentioned	above.	But,	again,	the	older	shell	categories	
were	predominated	by	gravid	females.	Thus,	while	these	negative	associations	with	shell	
condition	category	are	evident	in	gravid	females	there	were	too	few	male	snow	crabs	with	
intermediate	and	old	shell	conditions	to	draw	meaningful	conclusions	about	correlations	of	
shell	condition	with	either	gut	wall	RI	score	or	HRI	in	male	snow	crabs.	In	crustaceans,	
hemolymph	protein	and	hemocyanin	levels	are	generally	lower	in	the	post-molt	stage	than	
during	the	premolt	stage	due	to	water	uptake	during	ecdysis	(Busselen	1970,	Bursey	and	Lane	
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1971,	Truchot	1978,	Hagerman	1983,	Chan	et	al	1988,	Mercaldo-Allen	1991,	Chen	and	Cheng	
1993,	Chen	and	Chia	1997,	Cheng	et	al	2002).	Intermolt	hemolymph	protein	levels	can	be	lower	
or	higher	than	those	seen	in	post-molt	(Chan	et	al	1988,	Chen	and	Cheng	1993,	Chen	and	Chia	
1997,	Cheng	et	al	2002).		
	
Generally,	females	had	higher	mean	HRI	than	males.	Female	crustaceans	have	vitellogenesis-
associated	hemolymph	lipoproteins	which	may	contribute	to	this	gender	difference	in	HRI	(Lee	
and	Puppione	1988.)	New-shelled	male	snow	crabs	from	WB	614/615	had	significantly	lower	
mean	hemolymph	refractive	index	than	new-shelled	male	snow	crabs	from	either	WB	stratum	
613	or	NDB.	If	gut	wall	RI	score	is	used	as	a	nutritional	index	to	compare	snow	crabs	between	
regions	it	would	indicate	that	snow	crabs	from	WB	614/615	were	in	poorer	body	condition	than	
snow	crabs	from	NDB	or	WB	613.	But,	if	mean	HRI	is	used	as	a	conditional	index	it	would	
indicate	the	WB	614/615	snow	crabs	were	in	better	body	condition	than	NDB	or	WB	613	snow	
crabs.	Variation	in	hemolymph	hemocyanin	and	protein	levels	may	also	depend	on	blood	
volume	and	osmotic	conditions	and	thus	can	vary	between	environmental	locations	(Boone	and	
Schoffeniels,	1979).	This	suggests	that	HRI	may	not	be	as	robust	of	a	nutritional	index	as	gut	
wall	RI	score	and	HRI	may	not	be	useful	for	comparison	of	nutritional	index	between	regions.	
These	conflicting	results	may	reflect	differences	in	the	diet	within	snow	crab	populations	in	
these	regions	as	hemocyanin	levels	in	decapod	crustaceans	vary	with	the	quality	of	the	food	
eaten	(Busselen	1970,	Djangmah	1970,	Hagerman	1983).	Snow	crabs	in	WB	614/615	may	have	
a	high-protein,	low-carbohydrate	diet	which	results	in	high	protein	hemolymph	stores	and	low	
tissue	glycogen	stores,	while	snow	crabs	in	the	other	2	regions	have	a	lower-protein,	higher	
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carbohydrate	diet	resulting	in	low	hemolymph	protein	stores	(lower	mean	HRI)	and	higher	
tissue	glycogen	stores.	This	suggests	that	the	overall	condition	status	of	snow	crabs	may	be	
better	assessed	by	evaluating	gut	wall	RI	score	and	HRI	rather	than	either	measure	alone.		
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Appendix	8:	Histologic	Survey	of	PEI	Green	Crabs,	Carcinus	maenas.	
	
A.8.1. Introduction	
BCD	is	an	emerging	disease	in	decapod	crustaceans.	BCD	was	first	described	in	European	green	
crabs	(also	known	as	common	shore	crab)	Carcinus	maenas	and	blue-leg	swimming	crabs	
Liocarcinus	depurator	off	the	coast	of	France	(Chatton	and	Poisson	1931).	Since	that	time	the	
infection	has	been	reported	in	over	forty	species	of	crustaceans	primarily	in	the	North	Pacific	
and	Atlantic	Oceans	(reviewed	in	Morado	2011).	Infections	of	Hematodinium	spp.	are	thought	
to	be	fatal	in	virtually	every	host	species.	Histologic	evaluation	of	European	green	crab	Carcinus	
maenas	off	the	coast	of	PEI	was	pursued	to	determine	if	this	locally	invasive	species	is	a	
possible	disease	reservoir	in	Atlantic	Canada.		
A.8.2. Materials	and	Methods	
Green	crabs	(Carcinus	maenas)	were	collected	by	Dr.	Quijon	in	the	Biology	Department	at	UPEI	
for	use	in	studies	investigating	the	impact	of	this	invasive	species	on	local	ecosystem	
components.	The	green	crabs	were	collected	monthly	in	3	consecutive	months	(May,	June,	and	
July)	in	the	North	River,	PE	in	experimental	traps	set	at	~	1.5-2.5	m	depth.	The	snow	crabs	were	
delivered	to	the	AVC	in	coolers	by	hand	and	processed	immediately.		
	
For	each	crab	gender	was	noted,	carapace	width	(mm)	was	measured,	and	was	humanely	
euthanized	via	nerve	cord	disruption	via	decapitation	(i.e.,	removal	of	the	carapace).	However,	
euthanasia	via	decapitation	(used	for	snow	crabs)	was	not	sufficient	to	disrupt	the	ventral	nerve	
cord	in	green	crabs.	After	decapitation	(removal	of	the	carapace)	in	green	crab	it	was	necessary	
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to	complete	the	severance	of	the	ventral	nerve	cord	via	manual	fracturing	of	the	sternum	along	
the	medial	sternal	groove.	Upon	removal	of	the	carapace	a	necropsy	was	performed	and	tissue	
samples	were	collected.	The	tissue	samples	collected	included:	heart,	hepatopancreas,	gill	(1st	
and	4th	gills	on	the	right),	gonad,	midgut,	eyestalks	(left	and	right),	a	cross-section	of	the	
abdomen,	and	a	cross-section	of	leg	(1st	merus	on	the	right).	The	tissues	were	immediately	
placed	in	Davidson’s	seawater	fixative	(Appendix	3)	for	24	h.	After	24	h,	the	tissue	samples	
were	transferred	into	containers	of	70%	ethanol	for	storage	until	routine	processing	for	
histology.		
	
Sections	of	all	soft	tissues	(heart,	hepatopancreas,	gill,	gonad,	and	midgut)	were	trimmed	and	
placed	into	one	cassette	per	individual	crab	for	processing.	A	second	cassette	of	sections	lined	
by	a	thick	cuticular	layer	(eyestalk,	leg,	and	abdomen)	was	also	submitted	for	each	crab.	The	
eyestalk	was	bisected	along	the	frontal	plane	as	this	plane	was	found	to	consistently	result	in	
optimal	sections	of	internal	neuroendocrine	tissues	(Appendix	4).	The	blocks	of	trimmed	tissues	
were	processed	routinely	for	histology	(Leica	processor)	and	stained	with	hematoxylin	and	
eosin	(H&E).	Digital	photomicrographs	were	captured	using		
	
Each	tissue	on	each	slide	was	examined	systematically.	Relative	abundance	of	glycogen-
containing	reserve	inclusion	(RI)	cells	was	also	scored	as	previously	reported	(Stentiford	and	
Fiest,	2005).	The	scoring	index	ranged	from	Stage	0	(RI	cells	absent)	through	Stage	1	(RI	cells	
present	but	scarce),	Stage	2	(RI	cells	scattered),	Stage	3	(RI	cells	frequent)	to	Stage	4	(RI	cells	
abundant	and	constituting	the	majority	of	connective	tissue	volume).	RI	scores	were	completed	
417	
	
for	both	the	hepatopancreas	and	the	gut	wall.	Evaluations	of	sections	of	hepatopancreas	and	
gut	wall	(midgut	and	hindgut)	were	examined	to	determine	a	representative	RI	score	for	each	
crab	(Appendix	6).		
	
A.8.3. Results	
Histologic	screening	of	PEI	green	crabs	did	not	reveal	any	significant	disease	processes.	
Hematodinium	sp.	infections	were	not	observed.	Histologic	evaluation	of	the	gills	revealed	
occasional	peritrich	stalked	ciliates	on	the	gills	of	12/25	(48%)	of	the	green	crabs	(Figure	A8.1).	
The	peritrich	stalked	ciliates	were	accompanied	by	minimal	to	mild	gill	bacterial	fouling.	
Evaluation	of	the	carapace	revealed	a	small	amount	of	algal	growth	in	10/25	(40%)	of	the	green	
crabs	and	heavy	algal	growth	in	2	green	crabs	(8%;	Figure	A8.2A).	The	carapace	of	green	crabs	
with	heavier	algal	growth	was	discolored	brown	(Figure	A8.2B).	No	other	epibionts,	parasites,	
or	disease	processes	were	observed.	
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Figure	A8.1:	The	green	crab’s	gills	had	minimal	to	mild	bacterial	fouling	and	occasional	peritrich	
stalked	ciliates	(H&E,	25x	and	400x).	
	
A	
B	
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Figure	A8.2.	Carapace	epifaunal	algal	growth.	Heavy	growth	of	the	algae	(A)	on	the	green	crabs’	
carapace	histologically	was	associated	with	brown	carapace	discoloration	of	the	crab’s	carapace	
macroscopically	(B).	A	green	crab’s	typical	gross	appearance	without	heavy	algal	growth	(C)	is	
shown	for	comparison.	
	
	
A	
B	
C	
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A.8.4. Discussion	
Histologic	evaluation	of	PEI	green	crabs	(2=25)	did	not	reveal	evidence	of	Hematodinium	
infection.	The	sample	size	examined	was	very	small	and	prevalence	of	BCD	in	affected	
populations	is	often	low.	Thus,	the	absence	of	detection	of	disease	in	this	group	of	green	crabs	
does	not	imply	that	PEI	green	crabs	are	not	infected	by	this	disease.	It	is	interesting	to	note	that	
no	significant	infectious	disease	processes	were	observed	in	this	small	group	of	crabs.	Brattey	
et	al	(1985)	noted	that	green	crabs	from	Atlantic	Canada	lacked	most	of	the	parasites	and	
symbionts	found	associated	with	green	crabs	in	Europe.	Similarly,	Torchin	et	al	(2001)	found	
that	parasite	load	in	green	crabs	was	significantly	higher	in	their	native	habitat	(96%)	than	in	
invaded	habitats	(8%).	This	reduced	parasite	load	in	non-native	habitats	may	partly	explain	why	
the	green	crab	is	such	a	successful	invasive	species	(Torchin	2001).		
	
Parasitic	infections	with	Microphallus	(Platyhelminthes,	Digenea)	and	Polymorphus	
(Acanthocephala,	Palaeacanthocephala)	have	been	reported	in	green	crabs	in	Atlantic	Canada	
(Brattey	et	al	1985).	Crabs	are	the	intermediate	hosts	for	these	parasites	while	their	definitive	
hosts	are	native	marine	and	coastal	bird	species	(Brattey	et	al	1985,	Ching	1989,	Galaktionov	et	
al	2012).	Microphallus	adult	worms	are	normally	found	in	the	gut	as	parasites	of	gulls	and	terns	
while	the	larval	forms	(sporocysts	and	cercariae)	develop	in	a	mud	snail	Hydrobia	ulvae	(Saville	
and	Irwin	2005).	Hydrobia	ulvae	is	a	littoral	macrofaunal	invertebrate,	but	the	green	crabs	in	
this	study	were	collected	from	an	estuarine	environment.	Thus,	lack	of	exposure	to	
Microphallus	cercariae	due	to	local	environment	(rather	than	larger	region	of	origin)	may	
explain	the	lack	of	Microphallus	metacercariae	in	this	study.	In	one	study	prevalence	of	
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Microphallus	metacercariae	in	two	other	Atlantic	Canadian	sites	was	reported	to	be	40%	
(Halifax,	NS)	and	93.5%	(St.	Andrews,	NB;	Brattey	et	al	1985).	In	contrast,	the	crab	is	the	only	
intermediate	host	for	Polymorphus	(Profilicollis)	with	diving	and	eider	ducks	the	definitive	hosts	
(Ching	1989).	The	prevalence	of	Polymorphus	sp.	was	much	lower	at	these	same	sites,	0%	
(Halifax,	NS)	and	9.7%	(St.	Andrews,	NB)	and	thus	would	have	been	easily	missed	by	the	small	
sample	size	in	this	study	(Brattey	et	al	1985).		
	
Most	marine	dispersal	stages	(planktonic	larvae)	of	sessile	invertebrates	are	generalists	in	
regards	to	substrate	type	(Wahl	and	Mark	1999).	In	the	aquatic	realm	many	species	have	
adopted	this	mode	of	life	for	at	least	part	of	their	life	cycle,	including	may	bacteria,	many	
protozoa,	many	diatoms,	most	macroalgae,	all	sponges,	most	cnidarians,	many	molluscs,	some	
rotifers,	most	bryozoans,	most	phoronids,	many	brachiopods,	many	tube-building	polychaetes,	
some	echinoderms,	a	few	crustaceans,	some	hemichordates,	and	all	ascidians	(Wahl	and	Mark	
1999).	The	lack	of	surface	epibionts	in	the	green	crabs	may	be	due	to	low	species	diversity	in	
the	local	environment.	It	could	also	be	impacted	by	periodic	emergence	and	burrowing	
behavior	which	shields	crabs	from	planktonic	settlers,	damages	or	removes	soft-bodied	settlers,	
or	exposes	settlers	to	more	or	different	predators	(infauna;	Wahl	et	al	1998).	The	only	epibiont	
noted	in	histologic	sections	examined	was	microalgal	growth.	Interestingly,	even	when	there	
was	carapace	algal	growth	the	algae	never	extended	over	the	cornea	of	the	eye.	This	is	unlike	
the	case	in	snow	crabs	where	bryozoan	epibionts	did	occasionally	extend	over	the	cornea	(data	
422	
	
not	shown).	The	microtopography	of	the	eye	of	Carcinus	maenas	could	have	antifouling	and/or	
fouling-release	potential	(Greco	et	al	2013).	
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